A b s t r a c t I In nt tr ro od du uc ct ti io on n: : Atrial fibrillation (AF) has nowadays become a common disease as it comes along with medical procedures propagation in the ageing population with coexistent diseases. Hence a need for use of combined anticoagulant and antithrombotic therapy has arisen. According to the 2010 ESC guidelines on myocardial revascularization, short-term triple antithrombotic therapy after percutaneous coronary intervention (PCI) should be given if compelling indications exist.
A Ai im m: : To assess bleeding and thromboembolic events depending on the antithrombotic regimen in short-and long-term followup in patients with AF after PCI with stent implantation.
M Ma at te er ri ia al l a an nd d m me et th ho od ds s: : A 12-month prospective, non-randomized registry was conducted in the 3 rd Department of Cardiology in the Upper Silesian Medical Center in Katowice from October 2008 to April 2011. One hundred and four patients in two groups -on triple therapy (TT; aspirin + clopidogrel + vitamin K antagonists (VKA; warfarin or acenocoumarol) n = 44) and on dual therapy (DT; aspirin + clopidogrel; n = 60) -were assessed 30 days and 12 months after angioplasty.
R Re es su ul lt ts s: : All bleeding events occurred more often in the triple anticoagulated group in 30 days (TT 20.5% vs. DT 6.7%; p = 0.03) and after 12 months (TT 38.9% vs. DT 17.2%, p = 0.09). The difference in major bleeding events was not significant after 30 days (TT 9.1% vs. DT 3.3%; p = NS) or 12 months (TT 11.1% vs. DT 6.9%; p = NS). Thromboembolic events after 30 days (DT 5.0% vs. TT 2.3%) and 12 months (TT 11.1% vs. DT 3.4%) were comparable. The percentage of deaths after 30 days (DT 1.7% vs. TT 0.0%, p = NS) increased after 12 months (DT 13.8% vs. TT 0.0%, p = 0.09).
C Co on nc cl lu us si io on ns s: : Significantly higher risk of bleeding on TT becomes blurred by a tendency to increased mortality in patients on DT.
K Ke ey y w wo or rd ds s: : anticoagulants, percutaneous coronary intervention, atrial fibrillation, triple therapy.
Introduction
The use of dual antiplatelet therapy with aspirin and thienopyridine has become a gold standard in prevention of coronary artery stent thrombosis after percutaneous coronary intervention (PCI) [1, 2] . Simultaneously, oral anticoagulant therapy (OAC) is recommended when dealing with atrial fibrillation [3, 4] , mechanical heart valves [5] and venous thromboembolism [6] . Atrial fibrillation has nowadays become a common disease as it comes along with medical procedures propagation in the ageing population with coexistent diseases. According to the 2010 ESC guidelines on myocardial revascularization [7] , short-term triple antithrombotic therapy should be given if compelling indications exist. In effect we approach the problem of increased risk of both bleeding and thromboembolism. There are limited data on safety and efficacy of triple therapy in patients after PCI and stent implantation.
Aim
The aim of our registry was to assess bleeding and embolic events depending on the antithrombotic regimen in long-term follow-up in patients with atrial fibrillation after PCI with stent implantation.
Material and methods
The 12-month prospective, non randomized registry was conducted in the 3 rd Department of Cardiology in the Upper Silesian Medical Center in Katowice from October 2008 to April 2011.
Consecutive patients with paroxysmal, persistent or permanent non-valvular atrial fibrillation qualified for invasive treatment with stent implantation (either bare metal stents (BMS) or drug-eluting stents (DES)) were enrolled in the registry (n = 104). Patients were assessed one month and one year after angioplasty. All major adverse cardiovascular and cerebrovascular events, especially bleeding and thromboembolic events, were registered, and also whether they required dose change or discontinuation of any of the three medications. We assessed drug compliance and noted hospitalizations due to bleeding or thrombotic events during the period in which they were treated with all three drugs. Exclusion criteria were: contraindications to medications, lack of patient's consent and high likelihood of nonadherence to the therapy.
Statistical analysis
Statistical analysis was performed with the program 'Statistica 8'. Continuous variables are presented as means plus or minus 1 SD. Discrete variables are presented as percentages. The χ 2 test was used to compare discrete variables and the Student t test to compare continuous variables. A two-sided p-value of < 0.05 was considered to be statistically significant.
Results
One hundred and four consecutive patients were enrolled ( Figure 1 T Ta ab bl le e 1 1. . Baseline characteristics
LVEF -left ventricle ejection fraction, GFR -glomerular filtration rate from MDRD, pMI -previous myocardial infarction, pPCI -previous percutaneous coronary intervention, pCABG -previous coronary artery bypass grafting, TIA -transient ischemic attack, IPP/H 2 B -proton-pump inhibitor/H 2 -blocker
on triple therapy (TT; aspirin + clopidogrel + vitamin K antagonists (VKA; warfarin or acenocumarol); n = 44) and on dual therapy (DT; aspirin + clopidogrel; n = 60). Baseline characteristics are given in Table 1 . The two study groups differed significantly according to previous coronary artery bypass surgery, which was more frequent in the group receiving oral anticoagulants (29% vs. 10%, p = 0.01). Additionally, the incidence of diabetes mellitus was higher in this group (57% vs. 28%, p = 0.003), and mean left ventricle ejection fraction was significantly lower (45 ±11% vs. 50 ±12%, p = 0.03). Antithrombotic drugs were administered in standard recommended doses. Groups were assessed after 1 month (short-term observation) and 1 year (long-term observation). The use of glycoprotein IIb/IIIa inhibitors was at the discretion of the operator.
In the TT group 18 patients continued triple therapy for at least 12 months, 26 patients discontinued one of the drugs (generally an antithrombotic drug) either after 1 month (4 pa tients) or after 3 months (22 patients). Therefore 18 patients from that group met the long-term triple therapy observation criteria.
In the DT group 29 out of 60 patients took drugs for 12 months and longer, 18 for up to 12 months, and 7 patients were on dual therapy for only 1 month. Six patients from this group were lost to 1-year follow-up (Figure 2) .
The primary end-points were: safety and efficacy of administered therapy. Secondary end-points were: bleeding and thromboembolic events, death from any cause, recurrent acute coronary syndrome and stent thrombosis. Major bleeding was defined as bleeding requiring hospitalization and/or discontinuation of any antithrombotic medication. All other bleeding events were considered as minor bleeding. The risk of bleeding was estimated by means of GRACE registry predictors [8] and modified HAS-BLED risk score [9] . Thromboembolic risk was rated using CHADS 2 [10] and CHA 2 DS 2 -VaSC [11] scores.
Bleeding risk was estimated using the GRACE registry. This included parameters such as advanced age (≥ 75 years old), female sex, renal insufficiency, bleeding history, use of glycoprotein IIb/IIIa antagonists antagonists and percutaneous coronary intervention (Figure 3) . Similarly, we used the HAS-BLED score to analyze bleeding risk, omitting international normalized ratio (INR) parameter however ( Figure 4 ). This was due to lack of this pa rameter in the DT group, as well as insufficient data in triple therapy patients. The modified HAS-BLED score was composed of the following parameters: hypertension, abnormal renal/liver function, stroke, bleeding, elderly age, drugs or alcohol. There were no significant differences between the two groups concerning their bleeding risk in these scales.
For thromboembolic risk, we used CHADS 2 ( Figure 5 ) and CHA 2 DS 2 -VASc (Figure 6 ) scores. Both scales revealed differences when assessing diabetes incidence (p = 0.03). The global percentage of strokes measured with CHADS 2 (9.6%) and CHA 2 DS 2 -VASc (14.4%) scores differed owing to widened stroke criteria in the latter score. The mean CHADS 2 level was 2.12 ±1.18. 95% of patients (n = 99) were classified in the medium-or high-risk category; those in the highrisk category were more often on triple antithrombotic therapy (TT 43.2% vs. DT 23.3%; p = 0.03), whereas medium risk was associated with double therapy (DT 70.0% vs. TT 54.5%; p = NS) ( A significant bleeding risk factor was addition of VKA. It raised the chance of bleeding 3.6-fold (p = 0.04). Also, increasing of 1 point in modified HAS-BLED score caused 1.86 global increase of risk (p = 0.03). When analyzing only the TT group, the risk was even higher -2.84-fold (p = 0.02).
All bleeding events occurred in 30 days statistically more often in the triple-anticoagulated group (TT 20.5% vs. DT 6.7%; p = 0.03). After 12 months only a tendency was observed (TT 38.9% vs. DT 17.2%, p = 0.09), though ( Figure 8) . The difference in major bleeding was not significant after either 30 days (TT 9.1% vs. DT 3.3%; p = NS) or 12 months (TT 11.1% vs. DT 6.9%; p = NS), or in minor bleeding after 30 days (TT 11.4% vs. DT 3.3%; p = NS) or 12 months (TT 27.8% vs. DT 10.3%, p = NS).
Thromboembolic events after 30 days happened in both groups (DT 5.0% vs. TT 2.3%; p = NS) ( Figure 9 ). Surprisingly, after 12 months embolism was reported more often in the triple therapy group (TT 11.1% vs. DT 3.4%; p = NS).
Regarding secondary end-points, four deaths occurred during 12-month observation, among them one early (Figure 10) . The percentage after 30 days (DT 1.7% vs. TT 0.0%, p = NS) increased after 12 months (DT 13.8% vs. TT 0.0%, p = 0.09). Of note, deaths occurred only in the group on double therapy. Two deaths were due to fatal bleeding; one of them was periprocedural. Both were the result of gastrointestinal bleeding.
Recurrent acute coronary syndrome was more frequent in the group without VKA after 12 months (DT 11.1% vs. TT 3.4%, p = NS). There were no such incidences after 30 days in the DT or TT group. We did not observe stent thrombosis any time in any group. 
Discussion
As we know from previous studies, triple therapy is reasonable in patients with atrial fibrillation who underwent PCI, because OACs prevent stroke more efficiently than ASA with thienopyridines [12], but OACs with aspirin do not prevent stent thrombosis as well as thienopyridines [13] . The dilemma is how to order triple therapy individually to equilibrate bleeding and thromboembolic risk and achieve compelling guidelines to comply with. Some factors in crease both bleeding and thromboembolic risk [14] , and therefore individual assessment of patients is vital. The global CHADS 2 risk level showed that 95% of cases were estimated between intermediate and high risk of thromboembolism and had compelling indications to be triple-anticoagulated [15] . According to the differences in baseline characteristics and CHADS 2 risk between DT and TT groups, in this non-randomized study OACs were given to patients with more comorbidities. It may place them at higher risk for anticoagulant complications, but they also have characteristics that make them more likely to benefit from that regimen.
The main concern of triple anticoagulant therapy is bleeding. It is a difficult task to estimate the factual bleeding risk, as a lot of parameters differ among studies -indications, medicines, doses, duration of therapy, baseline characteristics, diet, risk scores, bleeding criteria. Additionally, compliance of patients differs in a wide range. The significantly higher bleeding incidence after 30 days in the TT group was not sustained after 12 months, probably due to the small group of patients. However, it confirmed the results from previous studies on the impact of VKA on bleeding [16, 17] . A large registry of almost 120,000 patients with atrial fibrillation indicates the yearly bleeding risk of triple antithrombotic therapy at the level of 16% [18] . Our registry indicated bleeding incidents in 20.5% after 30 days and 38.9% after 12 months. Up-to-date WOEST Study results show that discontinuation of aspirin reduces bleeding events without raising thromboembolic events. This can be one solution in the group of atrial fibrillation patients after PCI procedures.
The percentage of serious bleeding events in the group on triple therapy after 30 days (9.1%) and within 12 months (11.1%) is in concert with the results of Valencia et al. [19] and Orford et al. [20] , who reported 8.6% and 9.1% incidence of major bleeding, respectively. Available data present a wide range of major bleedings frequency from 4.7% [21] to 21.6% [22] .
The trend in thromboembolic events after 30 days showed insufficient anticoagulation more often in DT, but after 12 months it was definitely in favor of DT. We suppose that it is influenced by the lability of the INR index in the group on VKA, as keeping this parameter stable in the therapeutic range of 2.0-3.0 can be a real challenge.
With respect to secondary end-points, a tendency towards significance in death occurrence was observed. Four deaths took place in the DT group. What is more striking, 50% of them were based on fatal bleeding. Better compliance is probably not responsible for this aspect; both bleeding and thromboembolic complications were more frequent in the TT group. Looking more closely at fatal bleeding, the estimated risk in one case was 6/6 for modified HAS-BLED score, 6/6 for CHADS 2 and 9/9 for CHA 2 DS 2 -VASc score. The second case presented 4/6, 3/6 and 6/9 respectively. In actual fact in these cases it was a choice between wind and water. But still, the thromboembolic burden was greater in the TT group.
Some interesting trends in atrial fibrillation patients after PCI are available of late. Hence we are moving from an era of two oral anticoagulants to a wide range of solutions. Most importantly, alternatives to warfarin and acenocoumarol have emerged: factor Xa inhibitors (rivaroxaban, apixaban) and a direct thrombin inhibitor (dabigatran). Apixaban, according to the AVERROES [23] study, showed potential in preventing stroke. The results from the ARISTOTLE [24] trial confirmed the above. Dabigatran has favorable pharmacokinetics, and in the RE-LY trial proved to be safer and more effective in preventing thromboembolism in patients with atrial fibrillation [25] . However, there is higher risk of bleeding after addition of novel anticoagulants to the antiplatelet therapy reported in the literature (APPRAISE [26] , ATLAS ACS-TIMI 46 [27] , Dabigatran vs. placebo trial [28] ). Thus there is a need for further studies to answer whether the group of PCI patients with atrial fibrillation benefit from the combination of new anticoagulants and antiplatelets.
Furthermore, the techniques to occlude the left atrial auriculum, which is the main localization of creating thrombi (PLAATO and WATCHMAN systems), appeared in the ESC guidelines (class of recommendation IIb/B). It can be an attractive therapeutic option in patients who have contraindications to anticoagulation. Next, the STENTICO Registry confirmed a safer radial than femoral approach during the PCI procedure [29] . Lastly, alternatives to clopidogrel such as prasugrel and ticagrelor are available. They have reached first class of recommendation in STEMI and NSTEMI treatment (ticagrelor) [7] . According to the TRITON TIMI 38 study [30] , prasugrel is connected with higher risk of bleeding, though. Ticagrelor in the PLATO study showed comparable incidence of major bleeding. Regarding their potentially stronger impact on the coagulation system there could arise the possibility of administering aspirin + prasugrel or ticagrelor alone instead of triple therapy. There are no data on these options yet.
To sum up, the answer how to manage patients suffering from atrial fibrillation after PCI procedures is somewhat a sealed book. The accurate assessment of the bleeding and thromboembolic risk is essential to tailor the optimal individual anticoagulant regimen to such patients' needs.
We have to mention some limitations of the study. Firstly, it was not always possible to check the INR level when contacting the patient. Only information about INR labili-ty was received. It does limit interpretation of bleeding events, and therefore we assumed different criteria of bleeding than usual (e.g. GUSTO, TIMI, HORIZONS-AMI). Secondly, it was of our concern to determine the frequency of complications on authentic triple antithrombotic therapy throughout the whole period. It was not a standard procedure to implant drug-eluting stents in patients with indications for VKAs. Hence cases for long-term observation were difficult to assemble.
Conclusions
Significantly higher risk of bleeding on TT becomes blurred by a tendency to increased mortality in patients on DT. These results call for very individual therapy assessment and careful monitoring of AF patients after PCI. Administering triple therapy in patients with high risk of thromboembolism in accordance with ESC guidelines is relatively safe, provided that there is strict cooperation between patient and doctor as well as regular and frequent monitoring of the INR parameter. Further studies are necessary to evaluate whether the new therapeutic options could be more effective and safer than current triple antithrombotic therapy. R Re ef fe er re en nc ce es s
